In this issue of Cell Stem Cell, Villegas et al. (2019) used a genome-wide CRISPR screen to identify ESC pluripotency regulators, which generated insights into how signaling from lysosome enables cells to transcriptionally regulate their metabolism. Further investigation of human genetics identified a human developmental disease arising from a defect in this process.
Cells sense and respond to changes in nutrient availability via diverse signaling mechanisms that coordinate multiple aspects of cell biology and metabolism (Saxton and Sabatini, 2017) . Although considerable progress has been made in identifying the individual proteins that define these signaling pathways, important problems remain to be solved concerning how specialized cell types adapt such signaling to meet their unique physiological demands. In this issue of Cell Stem Cell, Villegas and colleagues contribute broad new insights into the molecular machinery that converts the sensing of amino acid availability at lysosomes into the regulation of gene transcription that controls embryonic stem cell (ESC) differentiation (Villegas et al., 2019) .
These discoveries arose out of a genome-wide screen that sought to identify genes whose deletion suppresses mouse ESC differentiation. This screen yielded multiple genes involved in lysosomal responses to amino acid availability and defines a Rag GTPase that promotes the cytoplasmic retention of transcription factor E3 (TFE3) as a critical regulator of ESC differentiation. From a signaling perspective, this finding is novel, as the Rag GTPases and many of their regulators are best characterized for their role at the surface of lysosomes, where they regulate the mechanistic target of rapamycin complex 1 (mTORC1) signaling pathway (Saxton and Sabatini, 2017) . Although Rag-dependent regulation of mTORC1 signaling is important in many other contexts, this new study instead points to an mTORC1-independent role for RagC and RagD in the regulation of TFE3 that is critical for the regulation of ESC differentiation.
When amino acids are abundant, mTORC1 is recruited to the surface of lysosomes by Rag GTPases (Saxton and Sabatini, 2017) . Another GTPase known as Rheb activates mTORC1 at lysosomes provided that it has received growth factor-dependent signals. As a consequence, mTORC1 kinase activity is only maximally stimulated when both nutrient and growth factor needs are met. It was therefore surprising that the screen by Villegas and colleagues yielded both positive regulators of mTORC1 signaling (RagC/D, folliculin, LAMTOR proteins) and components of the tuberous sclerosis complex (TSC) that negatively regulates mTORC1 signaling through direct effects on the Rheb GTPase. These results did not fit with the canonical mechanism of mTORC1 regulation. A key to resolving this problem was the observation that the TFE3 mutations that were also isolated in this CRISPR-based screen resulted in gain rather than loss of function. More specifically, these mutations clustered within the region of the TFE3 gene that codes for the portion of the protein that binds to RagC/D. As a result of these mutations, TFE3 could no longer be recruited to lysosomes via interactions with RagC/D and was constitutively localized to the nucleus where it upregulated the expression of target genes, including those involved in autophagy and lysosome function.
TFE3 and the closely related TFEB and microphthalmia transcription factor (MITF) were previously identified as messengers that cycle between lysosomes and the nucleus under the control of Rag GTPases and mTORC1-dependent phosphorylation in order to coordinate the expression of genes encoding lysosomal proteins with changes in nutrient availability and lysosome status (Martina et al., 2014; Roczniak-Ferguson et al., 2012; Settembre et al., 2012) . Although it was known that the Rag GTPases physically interact with TFE3, TFEB, and MITF (Martina et al., 2014; Martina and Puertollano, 2013) , the mTORC1-dependent phosphorylation of these transcription factors and their subsequent binding to 14-3-3 proteins in the cytoplasm has been viewed as the major factor that restrains them from entering the nucleus (Martina et al., 2014; Puertollano et al., 2018; Roczniak-Ferguson et al., 2012) . The new discovery that Rags are more important for regulating the nuclear versus cytoplasmic distribution of TFE3 than for promoting mTORC1 undermines this model and demands further investigation to arrive at an alternative explanation for the mechanisms that integrate nutrientderived signals at the surface of lysosomes. Likewise, although TSC is best characterized as a negative regulator of mTORC1 via inhibition of Rheb, TSC also physically interacts with the Rags (Demetriades et al., 2014) . The new evidence in support of an mTORC1-independent pathway that involves both TSC and the Rags argues for a better definition of the physiological significance of such TSC-Rag interactions.
In addition to suppressing ESC differentiation, TFE3 was also shown to repress the differentiation of neuronal progenitor cells (Villegas et al., 2019) . This indicates a more general relationship between TFE3 and the control of differentiation and raises questions about underlying mechanisms. Based on the established role for TFE3 in regulating the expression of genes encoding proteins related to
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Cell Stem Cell 24, February 7, 2019 ª 2019 Elsevier Inc. 199 lysosomes and autophagy (Martina et al., 2014) , one possibility is that nuclear TFE3 promotes autophagy/lysosome function in order to enhance degradation of specific cellular components that promote differentiation. Alternatively, nutrients liberated by enhanced lysosome function downstream of TFE3 could be key regulators of differentiation. In addition to these explanations that build directly on the established role for TFE3 as a regulator of lysosome function, other explanations should also be considered. First, although genes encoding lysosome and autophagy proteins are prominently enriched within lists of TFE3 target genes, many genes whose expression is regulated by TFE3 function in other cellular processes (Calcagnì et al., 2016; Raben and Puertollano, 2016) . Second, Villegas and colleagues observed physical interactions between TFE3 and transcription factors such as Sox2 and Sall4 that have roles in stem cell biology. TFE3 could modulate the functions of these other transcription factors and/or work with them to regulate genes whose products directly influence differentiation via mechanisms that are independent of lysosomes or autophagy. Additionally, TFE3 was previously shown to enhance signaling through the WNT b-catenin signaling pathway in renal carcinoma arising from TFE3 overexpression (Calcagnì et al., 2016) . Based on these examples, multiple mechanisms could mediate the effects of TFE3 on stem cell differentiation.
These new advances in understanding the lysosome-based protein machinery that determines nuclear abundance and function of TFE3 and the discovery of gain-of-function TFE3 mutations in human disease should stimulate important new areas of investigation. From the most basic science perspective, important questions need to be answered concerning the structural basis for interactions between TFE3 and RagC/D. Such efforts will be assisted by Villegas et al.' s improved definition of the TFE3 region (residues 110-215) that mediates these interactions. From a physiology and human disease perspective, excessive TFE3 function was previously known to cause renal carcinoma (Calcagnì et al., 2016) , but it is now also shown to have impacts on stem cell differentiation and in a developmental disorder that affects multiple tissues (Villegas et al., 2019) . This range of pathological consequences arising from TFE3 hyper-activation raises questions about whether there is a common set of target genes whose altered expression yields different outcomes in a cell-and tissue-specific manner. Alternatively, TFE3 target genes may vary in a manner that depends on the nuclear binding partners that are available for it to interact with in different cell types. Answering these questions will be important for establishing the relationships between lysosomal nutrient sensing, TFE3-dependent gene transcription, and decisions that cells must make concerning growth and differentiation.
